
Translation Number 

ADDITIONAL COPIES AVAILABLE AT REDUCED R A T E S  FRO# 

A TRANSLATION BY 

MORRIS D.FRIEDMAN, __ac INC. - 
Off ices I t  
1383A WASH1 NGTON STREET 

WEST NEWTON 65, MASSIICHUSETTS 
Telephone 

WOODWARP 9-83tg - t919 



dussian Trans la t icn  
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s t r u c t u r e  of thin ferromagnetic films must be known when stu3;ring t h e i r  

rra7netj.c F rope r t i e s .  Consequently, WE: t r i e d  t o  determine t h e  sfvructure c$ t h i n  

i r o n  f i l m s  which were s tud ied  from t h e  p o i n t  o f  view of t h e i r  magnetic s r o n e r t i e s .  

The i ron  f i lms  were nrepared 5y evaDoration on a vi t reod;  l a d l e  i n  a h i y h  vacuum 

(D < 
f i rs t  heated t o  a temnerature o f  about 

rnm H: 1. ;trips of pure i r o n  x e r e  used f o r  t!ie ?vaoorat ion,  ;;;:IC:. x e r c  

11~70~ 2 5.7 Tassa5e of an e l e c t r i c  c w r e n t  

throuzh them. The i r o n  s t r i p s  were heated f o r  approximately txo  hours p r i o r  t o  

t he  evanorat ion i n  order  t o  e l iminate  imurities i n  t h e i r  sur faces .  

did prepara t ion  of t h e  films begin. 

Only a f t e rward  

The prepared films were kept  i n  t h e  vacuum 

apparatus  f o r  sone time althoug t h e i r  temperature was not  equiva len t  t o  room 

The specimens, thus  prepared, were i n v e s t i j a t e d  on an e l e c t r o n i c  d i f f r a c t o T a T h  

(Atee l  iiesearch Ins t . )  . Two specimens 

were s tudied  for  which t h e  t h i c k n e s s e s  

were determined by using i n t e r f e r e n c e  

f11: (I) 6 = 3'150 .? , (11) 6 = 23'10 .A. 
L. .. 
The e l e c t r o n  d i f f r a c t i o n  occurred almost 

f o r  t a n y e n t i a l  incidence of t h e  e l e c t r o r .  

beam onto the  specinen su r face  f o r  two 

x* = c.0517 A'  Tigure  1. .<lectronogram of a t h i n  i r o n  wavelenzths (-5 = 0.Oss;i :2 , f i l m  

The f i l m s  show a three-dimensionally centered cubical  l a t t i c e  a n j  t h e i r  charac te r -  

i s t i c s  a r e  i d e n t i c a l  f o r  both specimens ( f i g .  1). The l a t t i c e  cons tan t ,  connute5 
' 



2. 

0 
from the diameters of the diffraction c i rc les  i s  

the limits of experimental error,  with the value of the l a t t i c e  constant for compact 

iron, a = 2.866 A . 

a = 2.88 A , which agrees, within 

0 
The texture i s  seen clear ly  expressed on the d i f f rac t ion  

picture. 

the texture axis 11111 perpendicular t o  the f i l m  surface. 

crystals i n  the f i l m  are  oriented so t h a t  t h e i r  crystal l ine boundaries &111] are 

perpendicular t o  the f i l m  surface and they are  oriented randomly therein. 

ver i f ies  the f ac t  t h a t  the ro ta t ion  of  the specimen around the texture axis  does 

As seen from the following, both specimens have a fibrous texture  w i t h  

This means t h a t  the 

This 

not a l t e r  the interference picture ( the diffract ion picture in  a spec i f ic  posit ion 

and i n  a posit ion rotated through 90' ). Shown on figure 2 are the diffract ion 

c i rc les  of the separate interferences with the corresponding locations of the con- 

densation. Because the f i l m  i s  planar the  condensation locations l i e  on hyperbolas. 

'I 

Figure 2. Diffraction c i rc les  and locations of condensation on hyperbolic 
horizontals (schematic) 

The re f lec t ion  indexes hkz 

axes [uw] sa t i s fy  the condition: 

of the horizontals and the indexes of the texture 

h u + k v +  Z w = n  

which is, f o r  the [111] texture axis: 



* d  
3. 

h + k +  t = n  (n  = 2,4,6, ... ) 
i n  the direct ion of the diagonals of the 

~1111 0 
because the period of ident i ty  t 

three-dimensionally centered cubical l a t t i c e  equals half  of it; t ~ ~ ~ ~ l  = 2.482 A 

fo r  iron. We have f o r  

where X i s  the wavelength, r i s  the distance of the specimen from the photo- 

f i l m  and dn 

the f i l m .  The re la t ion  ci ted fo r  t 

incidence of the electron beam on the texture axis and fo r  

of 4 were measured on the f i l m  as: 

The values of t 

is  the distance from the vertex of the horizontal t o  the middle of 

occurs i n  the case of perpendicular 
b V w 3  

dn (( r The values 

d2 - 9.3 mm , d4 = 18.5 mm , d6 = 28.0 mm . 
0 

f o r  X = 0.0554 A and r = 4l7.5 mm are: 
luvw3 

2.48 ; 2.b9 ; 2.k7 ! 
%- 0 

which are in  good agreement with the value calculated f o r  i ron of t pll> = 2.482 A e 

We have not ye t  encountered such a r e s u l t  i n  the l i t e r a tu re ;  t ha t  t h e  iron 

c r y s t a l s  in a t h i n  film, obtained bv evaporation i n  a high vacuum are oriented 

para l le l  t o  the f i l m  backing i n  the [Ul] plane. Glocker and Kaupp [2] disclosed, 

when investigating f i l m s  superposed e lec t ro ly t ica l ly  on copper or iron, tha t  a 

f ibrous texture forms with the p] texture axis fo r  the iron, which is  pa ra l l e l  

t o  the current l i n e  direction, if  the i ron i s  obtained from an aqueous solution 

of PeC12 ; the texture axis changes t o  [U2] f o r  CaC12 irirpurities i n  t h i s  

e lectrolyte .  

of  iron and nickel superposed electrolyt ical ly  on copper, detected, 

Elenbaas [3], who investigated the magnetic properties of t h i n  films 

j u s t  as i n  

our  case, a fibrous texture w i t h  the  [111] texture axis f o r  iron. H e  also 

disclosed tha t  t h i s  texture does not ex i s t  f o r  films thinner than 3.6 p and tha t  

The condensation location, a t  the geometric locations of the horizontal of -% 

the 200 diffract ion circle ,  does no t  match the system of curves on the f i l m .  
This condensation location probably forms by re f lec t ion  of the primary electron 
beam from the backing of the evaporated f i l m .  



t4' 
4. 

it i s  expressed more expl ic i t ly  fo r  thicker f i l m s  the greater the 

during electrolysis .  

current density 

Finally, there results from the paper of Beeck [!I] , t h a t  

the same crystal orientation occurs f o r  th in  f i l m s  of iron evaporated i n  a gas 

atmosphere (p -1 mm Hg) as we observed during the evaporation i n  a high vacuum. 

Techn. Phys. Inst. 
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